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QUESTION 1 [20 marks] 


(a) 


(b) 


(d) 


(e) 


Determine and justify if sin (ax) (where a is a constant) is an eigenfunction of the 


following operators. 


. d 
OO: 
ee 
ae 


If an eigenfunction, find the corresponding eigenvalue? 


Jd. fe 
Note: Ge f(x) -(4 0) cos f (x) 


d d . 
a f(x)=- (4 0) sin f (x) 


Describe the nodal structures of 45, 4p, 4d, 4f and orbitals. 


In Op, the lowest energy MO is given the label 1a, and the next lowest is given 


the label 10,,. Explain how these MOs are formed (i1.e., from which AOs) and 
sketch the form of the MO’s. 


Show, starting with the first law of thermodynamics that heat at constant volume 
is equal to internal energy change and that heat at constant pressure is equal to 


enthalpy change. 


(i) Draw a simple band picture to distinguish a metallic conductor from a 
semiconductor. (ii) Explain how the temperature-dependence of the electrical 
conductivity can be used to distinguish a metallic conductor from a 


semiconductor. 
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QUESTION 2 [10 marks] 


(a) Calculate the linear momentum of a particle described by the wavefunction 


{Qy=e"; 


hd : Sea : 
Linear momentum operator: Th where # is aconstant andi is the imaginary 
1 


unit which you can think of as a constant. 


d d 
Note: —el™ -(2 x ) ge 


(b) What is the probability, P, of locating a particle x = 0 and x = 0.2 nm in its 
lowest energy state, n = 1, in a box of length 1.0 nm? The wavefunction for the 


1-dimensional ‘particle in a box’ model is: 


NX 


a, 
xX)=./—sin 
YW, (x) 7 


where a is a constant. 


b 
Note: fsinavax =| 3 — i 
a 


a 


QUESTION 3 [10 marks] 
(a) Consider the overlap between a 3d,, atomic orbital on one atom, and a 2p 


atomic orbital on a second atom, as these two approach one another along the x- 


axis. Explain, using sketches, whether or not here is overlap between the 3d S 


and each of the three 2:p orbitals in turn. If there is overlap, classify the resulting 


molecular orbital as having o or 7 symmetry. 


(b) Use molecular orbital diagrams to rationalize why He? is an unknown species, but 


the ion He, has been observed. Make what predictions you can about the ability 


of the ions He>* and H> with respect to dissociation. 
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QUESTION 4 [10 marks] 

Consider a hypothetical molecule in which four hydrogen atoms lie in a row. Like 
H;", this molecule has a mirror plane down the middle. As shown below, atoms 2 and 
3, and atoms | and 4 are swapped by the mirror plane. Draw sketches of the 
symmetric and antisymmetric combinations of AO’s on atoms 2 and 3 (i.e., the 
symmetry adapted orbitals), and then do the same for the AO’s on atoms 1 and 4. 
Sketch the form of the four MO’s, two symmetric and two antisymmetric, which are 
formed from the overlaps of the symmetry adapted orbitals. Arrange these in order of 
increasing energy. What does your MO diagram predict about the hypothetical 


molecule Hy? 


: @- . * swapped by 


2 


: — mirror plane 


3 


(= ; * swapped by 


1 


: eo plane 


4 


QUESTION 5 [10 marks] 


A sample consisting of 2.00 mol He(g) is expanded isothermally at 22°C from 22.8 
dm? to 31.7 dm 


(a) reversibly, 

(b) against a constant external pressure equal to the final pressure of the gas, and 
(c) freely (against zero external pressure). 

For the three processes calculate g, w, AU, AH and AS. 


Data: 1 J= 1 Pa m*: R= 8.3145 J K! mol! 
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QUESTION 6 [10 marks] 
Consider the equilibrium in which solid calcium carbonate decomposes to the oxide 
plus carbon dioxide: 

CaCO3(s) = CaO(s) + CO2(g) 


The standard enthalpies of formation and standard entropies, at 298 K are: 


AH? (kJ mol") S°m (J K~ mol”) 
CaCO; (s) 1207.6 91.7 
CO> (g) 395.5 213.8 
CaO (s) 634.9 38.1 


Assuming these values are independent of temperature, compute A,H°, A,S° and A;G° 


at 800 K; hence find the equilibrium pressure of carbon dioxide at this temperature. 


QUESTION 7 [10 marks] 
(a) Using the following information write down the equations for each step and 


calculate the lattice enthalpy of KCl (s): 


Dissociation of Clz (g) = +244 kJ mol! 
Electron gain by Cl (g) = -355 kJ mol! 
Ionization of K (g) = +425 kJ mol! 
Sublimation of K (s) = +89 kJ mol 
Formation of KCI (s) = —438 kJ mo!” 


(b) Explain why lattice energy calculations based on the Born-Mayer equation 
duplicate the experimentally determined values to within 1% for KCl, but only 


within 10% for AgCl. Both structures have the rock-salt structure. 


Please remember - This examination question paper MUST BE HANDED IN. 
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